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REGULATED AUTOCRINE GROWTH OF MA MMALIAN m i >; 

a! > . : 

This invention relates to methods of production of recombinant bio- 
pharmaceuticals and other desirable proteins, polypeptides and peptides 
5 using mammalian cell cultures. More particularly, the methods of the 

invention involve the use of specially bioengineered mammalian cell lines 
for the production of complex proteins in low cost media. These cell lines 
have the acquired ability for autonomous and regulated growth in cheap, 
reproducible, fully-defined protein-free medium, with the cells supplying all 
10 of their own growth factor requirements. 

Mammalian cells have become the host cells of choice for the 
production of many of the new biopharmaceuticals, specifically those 
recombinant proteins requiring complex post-translational modifications/ 
and folding which bacterial cells cannot carry out. The production costs of 
15 these cells are far higher than with bacterial cells, with the fermentation cost 
accounting for an estimated 30% of the total production costs. The need to 
use a serum source in the growth and often production phases of the 
fermentation, is one of the contributing factors to the high costs of the 
fermentation. 

20 Removing the need for added serum or growth factors in the 

fermentation medium will reduce media costs considerably. In addition, 
media free of added serum or growth factors should also be free of any viral 
or other contaminants. Further, the purity of the~ expressed protein will be 
maximized thus minimizing the steps in purification stages and maximising 

25 the recovery yield. This will allow production of complex processed 
proteins in mammalian cell hosts but with many of the cost advantages 
associated with bacterial cell hosts. Also, in future years, commercial and 
regulatory pressures may well dictate a requirement for such purity in the 
production of mammalian cell derived recombinant protein. 
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Furthermore, with the rising cost of serum due to more stringent 
testing, there is a great demand for the development of cell lines that can 
grow on fully defined media. Indeed, several methods have been developed 
for growth of cultured cells in serum-free medium (Barnes & Sato, 1980), 
including CHO-K1 (Mendiaz, E., et al., 1986). Media claiming to sustain 
growth in the absence of serum are available commercially. These are based 
on the fact that the serum requirement by cells in culture can be replaced by 
a combination of growth factors which is unique for each cell type. It is still 
unclear whether any of these media can sustain growth indefinitely. More 
recently, CHO-Kl cells have been used for high level expression of protein 
in serum-free medium (Ogata, M., et al., 1993), but these cells were 
maintained with serum during the growth phase and growth factors were 
added to the serum-free medium during the production phase. Although 
this system offers increased ease of product recovery, other factors cited 
above as making protein/serum-free growth media desirable, including cost, 
are not satisfied by this approach. 

Australian patent specification No. 22120/88 (Genentech, Inc.) 
describes an attempt at engineering CHO cells to grow autonomously in 
protein-free medium. It is unclear whether these cells, which carry genes 
encoding insulin, transferrin and a desired protein product, are capable of 
continuously growing in the absence of serum. It is also unclear whether 
these cells are capable of expressing the desired protein product at 
satisfactory levels. Further, if cells such as CHO cells are engineered to 
produce growth factors in a constitutive fashion, then the mitogenic agents 
causing cell division would be present all the time and uncontrolled growth 
of the cells would result. Thus, in fermentation situations, it would be 
expected that cell numbers would increase in an uncontrolled fashion, 
causing in the case of attached cell cultures, multilayering of the cells and in 
the case of cells self-immobilised or growing as floes, continuing division 
resulting in cells in the centre of the floes becoming anaerobic and necrotic. 
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In the case of suspension cultures, it would be expected that cell densities 
would increase as would toxic metabolic byproducts having a negative effect 
on the viability and metabolism of the cells and the culture. 

Thus the present inventors have now identified and developed a 
method of producing recombinant proteins utilising mammalian cell lines 
engineered for autonomous and regulated growth in low cost, protein/serum- 
free media. 

In a first aspect, the present invention provides a method for 
producing a desired recombinant protein, polypeptide or peptide comprising 
the step of: 

culturing a mammalian host cell in culture medium, wherein said 
host cell includes: 

(i) at least one introduced DNA sequence encoding the desired 
protein, polypeptide or peptide expressibly linked to a first promoter 
sequence, and 

(ii) at least one introduced DNA sequence encoding a protein, 
polypeptide and/or peptide factor(s) required for growth of the host cell in 
said culture medium, expressibly linked to a second promoter sequence, said 
second promoter sequence being inducible and/or regulated by a 
transcription regulatory sequence(s). 

The invention thereby enables the use of low cost, protein/serum- 
free medium by utilising a host cell which is able to produce the protein, 
polypeptide and/or peptide growth factor(s) required for its growth in such 
medium. The culture medium used in the method of the invention is, 
therefore, preferably serum-free or otherwise free of protein, polypeptide 
and/or peptide growth factor(s) necessary for the growth of the particular 
host cell type. However, methods wherein the culture medium includes one 
or more of the required growth factor(s) and the host cell itself expresses one 
or more of the same and/or other required growth factor(s), is also to be 
regarded as falling within the scope of the invention. 
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By expressibly linking the DNA sequence(s) encoding the protein, 
polypeptide and/or peptide factor(s) required for growth of the host cell to an 
inducible or regulated promoter, the expression of the protein, polypeptide 
and/or peptide growth factor(s) can be controllably regulated so that 
production of the factor(s) may be limited only to the stage of culturing 
where growth is required. As indicated, controllable regulation may be 
achieved by using an inducible promoter sequence (e.g. the Metallothionein 
HA promoter) or by including a transcription-regulatory sequence (e.g. a 
repressor binding region such as from the lac repressor/operator system as 
modified for mammals: Hu and Davidson, 1987, and Kozak, 1986). Such 
transcription regulatory sequence(s) may be located at any location where it 
can exert a regulatory effect on expression from the second promoter. For 
example, the transcription regulatory sequence(s) may be located between 
the TATAA box and the transcription start site or, alternatively, between the 
transcription start site and the AUG start codon. 

Where regulation of growth factor(s) production is through the use of 
an inducible promoter, the method of culturing may comprise a first stage of 
culturing in the presence of an inducer to a desired cell confluence and a 
second stage of culturing in the absence of an inducer. . This may be 
achieved by replacing the first stage medium with medium without inducer. 
Where regulation of growth factor(s) production is through the use of a 
repressor binding region, the method of culturing may comprise a first stage 
of culturing to a desired cell confluence and a second stage of culturing in 
the presence of a repressor. 

The first promoter, which is expressibly linked to the introduced 
DNA sequence encoding the desired protein, polypeptide or peptide, may be 
a constitutive promoter (e.g. CMV and SV40 promoters) or an inducible 
promoter (e.g. a metallothionein IIA promoter). 
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The mammalian host cell may be any of those commonly used in the 
art for expressing recombinant proteins or peptides. For example, the host 
cell may be a Chinese Hamster Ovary (CHO) cell such as CHO-Kl. 

The introduced DNA sequence(s) may be present on plasmids or 
5 otherwise integrated into the host cell chromosomes (e.g. by homologous 
recombination). 

The DNA sequence(s) encoding the protein, polypeptide and/or 
peptide factor(s) required for growth of the host cell, may be selected from 
DNA sequences encoding insulin, modified insulins (e.g. to improve stability 

10 - see, for example, Brems, D.N, et al. f 1992) insulin-like growth factors (e.g. 
IGF-1), transferrin, platelet derived growth factor (PDGF), cytokines, 
mitogenic proteases such as Trypsin, Thrombin and Cathepsin I, other 
growth factors and mixtures thereof. Where the host cell is CHO it is 
preferable that the host cell includes DNA sequences encoding insulin or 

15 insulin-like growth factors, and transferrin. 

In one preferred embodiment of the invention, the host cell includes 
a DNA sequence(s) encoding the protein, polypeptide and/or peptide growth 
factor(s), the expression of which is regulated by a repressor binding region, 
and further includes a DNA sequence encoding the repressor, the expression 

20 of which is regulated by an inducible promoter sequence. The inducer may 
therefore be added or applied to the host cell culture, thereby causing the 
expression of repressor and subsequent downregulation of growth factor(s) 
production. In such an embodiment, it is also especially preferred to control 
the expression of the desired recombinant protein or peptide by the use of an 

25 inducible promoter. If the same inducible promoter is used as that 

controlling the expression of the repressor, then adding or applying inducer 
will cause the downregulation of growth factor(s) production and 
simultaneous expression of the desired protein or peptide. This enables an 
efficient method, which does not require changing the medium, wherein the 

30 host cell culture grows with minimal protein production, and then cell 
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growth is minimised whilst protein production occurs. The effective 
separation of the growth and protein production phases may also be 
desirable if special ingredients (e.g. different sugars, etc) were to be 
preferentially incorporated into the product. 

Alternatively, the use of different inducible promoters may allow for 
fine control of relative expression levels. 

In a second aspect, the invention provides a host cell for use in the 
method according to the first aspect, wherein the host cell includes: 

(i) at least one introduced DNA sequence encoding a desired 
protein, polypeptide or peptide expressibly linked to a first promoter 
sequence, and 

(ii) at least one introduced DNA sequence encoding a protein, 
polypeptide and/or peptide factor(s) required for growth of the host cell in 
said culture medium, expressibly linked to a second promoter sequence, said 
second promoter sequence being inducible and/or regulated by a 
transcription-regulatory sequence (s). 

In a most preferred embodiment, the host cell includes: 

(i) at least one* introduced DNA sequence encoding a desired 
protein, polypeptide or peptide expressibly linked to a first, inducible 
promoter sequence, 

(ii) at least one introduced DNA sequence encoding a protein, 
polypeptide and/or peptide factor(s) required for growth of the host cell, 
expressibly linked to a promoter sequence, the expression of which is 
regulated by a repressor binding region, and 

(iii) at least one introduced DNA sequence encoding a repressor 
molecule which binds to the repressor binding region, expressibly linked to 
a second, inducible promoter sequence, 

wherein the first and second, inducible promoter sequence(s) may be 
the same or different. 
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Host cells capable of autonomous and regulated growth in low cost 
protein/serum-free media may also be useful in other applications, e.g. in the 
production of viruses. 

Thus, in a third aspect, the invention provides a method for the 
5 regulated growth of a mammalian host cell in a culture medium, comprising 
the step of:- 

culturing said mammalian host cell in said culture medium, 
wherein said host cell includes at least one introduced DNA sequence 
encoding a protein, polypeptide and/or peptide factor(s) required for growth 
10 of the host cell in said culture medium, expressibly linked to a promoter 
sequence, said promoter sequence being inducible and/or regulated by a 
transcription regulatory sequence(s). 

In a preferred embodiment of this third aspect, the invention 
provides a method for the regulated growth of a mammalian host cell in a, 
15 culture medium, comprising the is tep of :- 

culturing said mammalian host cell in said culture medium, wherein 
said host cell includes: 

(i) at least one introduced DNA sequence encoding a protein, 
polypeptide and/or peptide factor(s) required for growth of the host cell in 

20 said culture medium expressibly linked to a promoter sequence, the 
expression of which is regulated by a repressor binding region; and 

(ii) at least one DNA sequence encoding a repressor molecule 
which binds to the repressor binding region, expressibly linked to an 
inducible promoter sequence. 

25 In a fourth aspect, the invention provides a host cell including at 

least one introduced DNA sequence encoding a protein, polypeptide and/or 
peptide factor(s) required for growth of the host cell in a protein/serum-free 
culture medium, expressibly linked to a promoter sequence, said promoter 
sequence being, inducible and/or regulated by a transcription regulatory 

30 sequence(s). 
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In a preferred embodiment of this fourth aspect, the invention 
provides a host cell including: 

(i) at least one introduced DNA sequence encoding a protein, 
polypeptide and/or peptide required for growth of the host cell in a 
protein/serum-free culture medium, expressibly linked to a promoter 
sequence, the expression of which is regulated by a repressor binding region; 
and - 

(ii) at least one introduced DNA sequence encoding a repressor 
molecule which binds to the repressor binding region, expressibly linked to 
an inducible promoter sequence. 

Conveniently laboratories would be supplied with samples (e.g. 
frozen stock) of a cell line wherein the cells include DNA sequences 
encoding their growth factor requirements for protein/serum-free media. 
The samples may then be transformed to include DNA sequences encoding 
the desirable protein(s), polypeptide(s) arid/or peptide(s) (or infected with 
virus), and then cultivated in a defined protein/serum-free medium to 
satisfactory numbers and with satisfactory growth rates without any added 
protein. 

The invention will now be further described by way of the following 
non-limiting examples and with reference to the accompanying figures. 

Brief Description of the Figures 

Figure 1 shows graphically, the growth of CHO/CMVTf cells in UNSWSF 
medium +IS. 5xl0 5 CHO/CMVTf cells were plated in a 10-cm plate and 
grown in medium + 10% foetal calf serum (FCS) for 24 hours. The medium 
was replaced with UNSWSF +IS medium (SF) or medium + 10% FCS (FCS) 
and cells were allowed to grow for 8 days. The number of cells surviving 
after 2, 5 and 8 days was determined by counting the cells in a 
haemocytometer. Uritransfected CHO cells were used as control. UNSWSF 
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medium is a protein free medium made up of a mixture of DMEM/COONS 
F12 (Bridges, M., PhD Thesis, 1995) in a ratio of 1:1. +IS and sometimes 
+ITS refers to the presence of insulin, I, lOmgs per litre; transferrin, T, 
lOmgs per litre; Selenium, S, 2xl0" 8 ; Molar, M sodium selenite. 

Figure 2 shows, diagramatically, the growth of CHO/CMVIGF-1 cells in 
UNSWSF medium +TS. Cells from three different clonal isolates of 
CHO/CMVIGF-1 were plated at a density of 5 x 10 4 cells/lQcm plate and 
grown in medium +10% FCS for 24 hours. The medium was replaced with 
UNSW +IS medium (SF) or medium + 10% FCS (FCS) and the cells were 
allowed to grow for 6 days; the number of viable cells were determined by 
trypan blue exclusion after 2, 4 and 6 days. Duplicate plates were used for 
each time point and the average number of cells are plotted against days in 
culture. Concentrations of insulin (I), transferrin (T) and selenium (S) were 
as for Figure 1. 

Figure 3 - provides a Western blot analysis of conditioned medium of 
CHOSVLTf cells carried out using a sheep anti-human transferrin primary 
and an alkaline phosphatase-conjugated donkey anti-sheep secondary 
antibody. Lane 1, conditioned medium from untransfected parent CHO 
cells; lane 2, conditioned medium from bulk CHOSVLTf cells; lane 3, 
transferrin standard (1 ng/ml). 

Figure 4A shows graphically the effect of transferrin added to defined media 
on the long term growth of CHO-Kl cells in culture. CHO-Kl cells were 
inoculated into spinner flasks containing UNSWSF+IS medium or 
UNSWSF+ITS medium. The average of four total and viable cell counts for 
each time point was plotted against time in culture. CHO-Kl cells had a 
doubling time qf 24 hours in UNSWSF+TS medium and 30 hours in 
UNSWSF+IS medium. 
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Figure 4B shows the total and viable cell numbers after 250 hours growth in 
UNSWSF+IS medium. Lane 1, CHOSVLTf cells; lane 2, CHO-Kl cells; 
lane 3, CHO-Kl cells on UNSWSF+ITS medium. 




I^&ure 5 provides a graph showing transient expression of PGKlacOcat in 
CHO/fc*m2lacIN + / - metal and + / - IPTG. CHO/M(l)2lacIN cells were 
transienUy^transfected with PGKlacOcat, the celjls were incubated for 48 
hours post transection in medium + / - metal and + / - IPTG. Levels of 
10 chloramphenicol transferase (cat) protein were measured in cell extracts. 
Levels of cat were expressed relative to uninduced levels set at 100%. 
Repression of >95% of tn^PKLlacOcat gene was observed in the presence of 
metal, and IPTG led to a derepression indicating that the observed 
repression was specific to the 7at repressor. 

jj^ure 5A shows, diagrammatically, the incorporation of lacO sequences in 
CMVTNx) generate CMVlacOTF. The 18 base ideal 7acO sequence was used 
to replace lS^b^ses in the CMV promoter between the TATAA box and 
transcription start pamt (tsp), and a dimer of that sequence was inserted into 
20 the restriction site Pme iba^ween the tsp and the ATG start codon. The 
replacement was achieved by inbQroorating the lacO sequence in an 
oligonucleotide then used as a primerhi^a Polymerase Chain Reaction (PCR). 
The insertion of the lacO dimer was done byiigation of a restriction enzyme 
fragment from the plasmid pOP (Hannan, G., et al^9Q4) into the Pme I site 
25 ef-PCMVT£^ 

* s\ Figufe^aB provides a graph demonstrating the stable expression of 
<fl^lcMVlacOTTi^^ The plasmid pCMVlacOTf was transfected 

with CHO cells and sT&feietransformants selected (labelled CHO/M(l)2 lacIN 
30 cells). Cells from 2 clonal lin§&<were grown for 12 hours in medium + /- 
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/y/A metal and + A IPTG, fresh medium added and the conditioned medium 
fj*\ collected after anotHfer 24 hours. Tf levels were estimated (visually) on a 

Western blot and are Repressed relative to levels in the absence of metal and 

IPTG which was set at 1&0%. Metal induced repression levels of > 90% was 
5 observed in both clones aftd IPTG relieved most of that repression indicating 

its specificity. Levels of IPTG used (20mM) may have been sub-optimal thus 

explaining the incomplete derepression observed. 

Figure 6 provides a Western blot Analysis of metal induced Tf expression in 
10 CHO cells stably expressing the lacO-containing-Tf gene CMVlacOTf and 
the 7ac gene M(l)2lacINR. 

A. Conditioned media from CHO/CMVlacOTf cell lines cultured for 24 
hours in medium +/- metal (50|im ZnCl 2 ) were analysed for Tf expression by 
Western blot. Bulk cell line #2 and clonal line #1-19 were used. Tf was 

15 expressed in both lines. In bulk line #2, about 50% repression was observed 
in the presence of metal while very little repression was observed with the 
clonal line. 

B. Cells from the two lines above were again examined for Tf 
expression by Western blot after 24 hour culture in medium +/- metal or 

20 IPTG(20mM). The samples were done in triplicate. The levels of repression 
in the presence of metal in line #2 was similar to A. above.. In line #1-19, 
the levels were too low to detect any repression. When ITPG was present, 
de-repression was observed in both cell lines + and - metal, i.e. the lad gene 
was "leaky". 

25 C. Twelve clones isolated from bulk line #2 were examined for Tf 
expression as above except that all cells were cultured in the presence of 
metal, IPTG was added to detect derepression. Derepression was observed 
in all the clones. 

D. Clones 35 and 36 were analysed further for Tf expression in the 
30 presence or absence of metal and IPTG. The symbol ++ indicates the usual 
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amount of metal used i.e. 50|im ZnCl 2 and l^m CdCl 2 . The symbol + 
indicates half of +-f levels. One, 2 or 10 ^1 of unsupplemented medium and 
10^1 of supplemented medium was used. This allowed for a visual 
estimation of repression levels which were calculated to be >90% in 
medium + half strength metal and even greater in medium + full strength 
metal. 

Figure 7 shows the construction of the lacO-containing IGF-1 expressing 
plasmid pCMVlacOIGF. 

A. The strategy used to make the pCMVlacOIGF construct is shown. A 
Sal I-Ecb RV fragment was isolated from pCMVlacOTf and ligated in place of 
the respective fragment in pCMVIGF-1 to generate pCMVlacOIGF-1. 

B. The expected restriction patterns, as analysed on an agarose gel, for 
the various restriction endonuclease digests used to isolate fragments for the 
above ligations and for identifying the generated construct are shown. 

Figure 8 provides an analysis of IGF-1 mRNA expression in lac-expressing 
CHO cells stably transfec ted with pCMVlacOIGF. 

A. 10ng of RNA from CHO cells transiently transfected with 
pCMVlacOIGF-1 and pPGKlacINR and cultured for 48 hours in medium +/- 
20 mMlPTG was analysed by Northern blot for IGF-1 mRNA expression. 
The hybridized filter was exposed to a phosphorimager screen and the 
scanned image is shown. The levels were repressed in the presence of lac- 
expressing plasmid and derepressed in the presence of IPTG. 

B. 10|ig of RNA from cell clones isolated from the above bulk 
transfected line was analysed for expression of IGF-1 and GAPDH mRNA as 
above. Various levels of IGF-1 mRNA was detected in the transfected cells 
but none in the CHO control. 

C. Clone 7 was further analysed for IGF-1 and GAPDH mRNA 
expression as above. Cells were cultured for an initial 12 hours in medium 
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+/1 metal ( + + = 50 jiM ZnCl 2 and 1 jiM CdCl 2 , + = 25 |iM ZnCl 2 and 0.5 . 
HM CdCl 2 ) and +/- IPTG (20mM). The levels of IGF-1 mRNA were 
quantified using the ImageQuant software and these are discussed in the 
text. 

Figure 9 provides a Western blot analysis of Super-CHO clones, Cl and C2. 
Conditioned medium of transfected CHO cells were analysed for the 
presence of correctly processed transferrin and IGF-1 by Western blot. Lane 
1, lpig/ml transferrin standard (upper gel) and 10^g/ml IGF-1 standard (lower 
gel); lane 2, conditioned medium from Super-CHO clone, Cl cells; lane 3, 
conditioned medium from Super-CHO clone, C2 cells. 

Figure 10 shows the growth of 'Super-CHO' clones in protein-free medium. 
Super-CHO cell clones Cl and C2 were inoculated into spinner flasks / 
containing 100 ml of protein-free medium at a density of 1 x 10 5 cells/ml. 
Untransfected CHO cells were also inoculated into ITS and protein-free 
medium as positive and negative controls. Samples were taken each day for 
visual assessment and total cell number determination. The average of four 
cell counts for each time point is plotted against hours in culture. 

Figure 11 shows the effect of IGF-1, transferrin-specifie antibodies on the 
growth of Super-CHO cells. Super-CHO cell clone Cl was inoculated into a 
30 mm tissue culture dish and incubated with protein-free medium 
containing 10 (il of IGF-l/transferrin-specific antisera or an irrelevant (WM 
54) antibody. The number of viable cells were determined by trypan blue 
exclusion after 26, 48, 79 and 100 hours of culture. Triplicate plates were 
used for each time point and quadruplicate counts determined from each 
plate. The average cell number is plotted against time in culture. 
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Figure 12 A shows, diagrammatically, the pNK construct. This construct was 
prepared from pBKCMV (Stratagene) and includes bacterial origins of 
replication (ColEl ori and Fl(-l) ori), a Neo/Kar marker expressed from the 
SV40 promoter, human metallothionein DA gene (Kerin, M. & Richard, R., 
5 1982) and the tightly regulated, highly inducible M(2)6 promoter (McNeall, 
J. et al., 1989) adjacent a multiple cloning site (MCS). 

Figure 12B shows, diagrammatically, the pNK-CAT construct, prepared by 
inserting a chloramphenicol transferase (CAT) marker into the MCS such 
10 that it is expressed from the M(2)6 promoter. 

Figure 13 shows, diagramatically, the growth of CHO/CMVlacOIGF-1 + 
M(l)lacINR on UNSWSF +TS medium. The control cells had no additions 
to the medium; to the other cells was added 50 ZnCl 2 + ljiM CdCl 2 at 
15 24 hours i Growth of the cells to which metal had been added plateaued 
whereas the control cells continued to grow. 

Figure 14 shows, diagramatically, the growth of the cells shown in Figure 12 
on 10% FCS medium with and without the addition of 50\aM ZnCl 2 and ljiM 
20 CdCl 2 at 24 hours. The growth of the cells was unaffected by the additional 



Figure 15 shows, graphically, cell growth of CHO Kl in tissue culture flasks 
and compares it with cell growth achieved in foetal calf serum 
25 supplemented medium. Growth rates for the two cultures ± standard errors 
are: 



metal. 



FCS Medium 



doubling time = 20.7 ± 3.1 hours 
doubling time = 21.0 ± 4.0 hours 



ITS Medium 



Figure 16 shows, graphically, cell growth of CHO Kl on microcarriers in 
100ml stirred flasks. The flasks were duplicates (flask A and flask B). 
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Growth rates for the two culture ± standard errors for the first three points 
are: 

Flask A doubling time = 18.9 ± 3.2 hours 

Flask B doubling time = 18.3 ±5.5 hours 

5 ' 
EXAMPLES 

^ ^y^^ample 1: The expression of transferrin or IGF-1 in CHO cells 

ff>\ \ Work over the last few years has been conducted in order to gain an 
■jg, 10 undemanding of the growth requirements of CHO-Kl in serum free medium 

J| . (CrowlW, J., 1989, Gray, P.P. et al., 1990 and Bridges, M., PhD Thesis). Long 

term growth from liquid nitrogen to large scale may be obtained with insulin 
or insulin-like growth factor (IGF), transferrin and fibronectin or laminin as 
the only exogenous proteins. Selenium also needs to be added as a trace 
15 element. A defuied serum-free (SF) medium was developed referred to as 
* UNSWSF +ITS. flight changes in growth characteristics of the CHO Kl cell 

m line have occurred Vith different samples of CCL61 obtained over the years 

£ from American TypeYlulture Collection (ATgC). The current CHO Kl 

CCL61 stock obtained from ATCC in 1994 grows with a doubling time of 
20 around 17 hours in UNSWSF +ITS medium. 

More recently it has been shown that IGF can be substituted for 
insulin for the growth of CHO Kl cell lines. 

^^^fyhB coding sequences for the IGF1 and transferrin (Tf) genes, 
including the^equences for protein secretion, were isolated from a 
25 commercial hunMSJiver cDNA library (Clontech) using Polymerase Chain 
Reaction. Sequences^of the AUG start codon were modified to include an 
optimal translation initiafei site (ACCATGA replacing AAGATGA, Kozak, 
■ M.,19 66)t^ 

/. The basic GF expression cassette, CMV-GF, contains the human 

30 cytomegalovirus (CMV) promoter from the major immediate early gene 
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obtained from pCEP4 (Invitrogen), the VPl intron from SV40 and the SV40 
late polyadenylation/transcription termination signal from the commercial 
vector pSVL (Pharmacia) and the growth factor gene coding sequence. 

The expression vector also contains a hygromycin resistance gene to 
5 confer on transfected cells a selectable phenotype, an ampicillin resistance 
gene and pUC origin of replication (bacterial sequences for in E.coli), all 
obtained from the plasmid pCEP4 (Invitrogen). 

To generate a cell line that produces sufficient transferrin to support 
growth in transferrin-free UNSWSF medium + Insulin, a recombinant 
10 transferrin expressing plasmid was constructed and introduced into CHO 
S cells. Based on the high levels of exogenous transferrin required for serum- 

free (SF) growth (1 to 10,000 ng/ml), the construct was designed to give high 
expression levels. Firstly, the strong CMV promoter was used to ensure high 
transcriptional activity and, secondly, the construct was designed to 
15 maximise translatability by utilising a near optimal sequence for translation 
initiation around the AUG start site (Kozak, 1986). The effectiveness of the 
construct was subsequently tested in a transfected CHO cell culture by 
quantifying Tf mRNA and protein levels, and characterising growth of the 
cells in Tf-free medium. 
20 The CMVTf gene was stably expressed in CHO cells by standard 

transfection into the cells followed by selection of transfected cells in 
medium containing 500 fig/ml of hygromycin B. Cells containing the 
hygromycin resistance gene also contained the recombinant gene. Those 
cells secreting high levels of Tf into the conditioned medium were identified 
25 by Western blot analysis. CHO/CMVTf cells secreted between 2 and 8 jig of 
Tf/10° cells/24 hours. These levels were sufficient to sustain growth in SF 
media + insulin + selenium but no transferrin, the growth rate of these 
transfected cells being greatly improved when compared to that of 
untransfected CHO cells (Fig. 1). The growth rate seen for these cells was, 
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however, less than that of the same cells grown in medium supplemented 
with 10% FCS. 

The CMVIGF-1 gene was similarly expressed in CHO cells. 
CHO/CMVIGF-1 cells secreting >200 ng/106 cells/24 hours showed greatly 
improved growth characteristics in SF media + transferrin + selenium 
compared to the parent line (Fig 2). In Figure 2, three clonal isolates of the 
cells were grown in UNSWSF and their growth compared to the same cells 
growing in FCS medium, and CHO-Kl growing in UNSWSF. The doubling 
times estimated for the cell lines are shown in Table 1. 

TABLE 1 

Cell Line Medium Doubling Time (hours) 

CHO/CMVIGF3-9 UNSWSF+TS 25.1 

CHO/CMVIGF3-2 UNSWSF+TS 23.7 

CHO/CMVIGF-5 UNSWSF+TS 23.2 

CHO-Kl UNSWSF+TS 15.8 

CHO-Kl FCS 20.9 

CHO/CMVIGF-5 FCS 24.1 

The results indicate that the transfected cells were secreting sufficient 
quantities of biologically active IGF-1 into the serum free, insulin-free 
medium to support their growth. 

Example 2: Expression of the transferrin gene controlled by the SV 
promoter 

To demonstrate that the promoter used in driving the expression of 
transferrin was not critical, the cDNA coding for transferrin used in Example 
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1 was cloned into the Xlio 1/Sac 1 sites of the vector pSVL to give rise to 
pSVL Tf . The SVL Tf gene was stably expressed in CHO cells by standard 
transfection into the cells (with pSV2Neo) (Southern, P. J. and Berg, P., 1982) 
followed by selection in medium containing G418. Figure 3 shows a 
5 Western blot of culture supernatants, showing that the cells were secreting 
correctly processed transferrin. 

^^ ^ 7 ' rfffl ^^ re 4A shows t * iat ^ e presence of transferrin in defined medium, 
helped the Rmg term growth and viability of CHOKl cells in culture. Figure 
5 shows the fin*d cell numbers and percentage viability of CHOSVLTf cells 
10 maintained for greater than 10 days in IS medium. It can be seen from 
Figure 4B that whileythe final cell densities for the three cell lines were 
similar, CHOKl growing on UNSWSF-ITS medium had a viability of 60%, 
similar to the CHOSVLTK cells expressing transferrin, while the viability of 
the CHO-K1 cells growing W the UNSWSF+IS medium was only 20%. This 
15 data shows the importance orJiaving the CHO cells secreting transferrin, 
particularly for long term stablkgrowth and viability. 
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Example 3: Metal-inducible expression of lac repressor in CHO cells 

The coding sequence for the E.coli 7ac repressor gene IacI has been 
20 modified for expression in mammalian cells (Hu and Davidson, 1987). It 
was further modified by incorporation of an optimal translation initiation 
signal (Kozak, M, 1986), and the nuclear localisation signal of the SV40 
large T antigen into its N terminus for transport of the repressor protein into 
the nucleus (Hannan et aL, 1993). The modified repressor gene, lacI N , leads 
25 to 98% of the repressor protein being transported into the nucleus (Hannan 
et aL, 1993). 

An inducible lacI N gene (see example 2) was constructed. The 
expression cassette contains the modified human Metallothionein IIA 
promoter, M(l)2 (McNeall, J. et a/., 1989), the modified lacI N coding 
30 sequence described in example 2, the SV40 VPl intron and the SV40 late 
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polyadenylation and transcription termination signal described in 
Example 1. 

[O cells were transfected using standard techniques with 
Mfl)2lacI N sh^d pSV2Neo. Cells were treated with 400 |ig/ml of G418 for 2 
weeks and clon^cell lines resistant to G418 were selected. Clonal lines 
(designated CHO/R^)4 and CHO/R(10)3) were obtained that produced low 
basal and high metal induced levels of repressor, as detected by Western 
blot. The repressor was shown to be biologically active by its ability to 
repress the lacO-containing ^smid PGKlacOcat (Hannan, G., et al., 1994) 
transiently introduced into the c^ls (Fig 5). 
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Example 4: The lac repressor/operator systems applied to CMVTf gene 

^eal lac operator sequence (ATTGTGAGCGCTCACAAT) based 
on^tte bacteriaisiperator and rules for acceptable sites of insertion within a 
15 given promoter hav^een described (Hu & Davidson, 1987). The bacterial 
lac repressor has a high association constant for the ideal lac operator 
sequence which is a rare sequb^ce with only three copies found, in various 
mammalian genomes (Simons et at>4984), thus offering good specificity of 
regulation of the target gene and minimah^ffect on the host genes (Simons et 
20 ^l. ? 1004). 

^^/j Lacbgerator sequences were inserted into the CMVTf gene to allow 
for repression bytl^e iac repressor. One lac operator sequence (Fig. 5A) 
replaced promoter wilik^vpe sequences between the TATAA box and the 
transcription start point an&stiie other two were inserted between the 
25 transcription start point and theS^UG start codon. Stable expression of this 
new construct (CMVlacOTf) in CHOV^ells already containing a stable 
inducible lac repressor gene (see example 3) was significantly shut down 
when repressor protein was present (i.e. fohowing metal induction) (Fig 5B). 
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J Example 5: Metal regulation of transferrin expression: stable expression 

and regulation of pCMVlacOTf into lad expressing stable CHO clones 
CHO/R(5)4 and CHO/R(10)3 

In order to ascertain whether the Tf gene within pCMVlacOTf can be 
5 repressed when stably expressed in the lad expressing CHO clones 

CHO/R(5)4 and CHO/R(10)3, 10 ng of the plasmid was transfected into the 
cells by the CaP0 4 method (Chen, C. and Okayama, H., 1988). Transfected 
cells were selected in medium containing 500 ^ig/ml of Hygromycin B since 
the Tf gene carries the hygromycin resistance gene. Two batches of 

10 transfections, #1 and #2 were done on 2 separate days. 24 clones were 
isolated from transfected line CHO/R(5)4+Tf#l at the time that foci of 
transfected cells started to appear. Conditioned medium from the bulk cell 
lines and the clonal lines were grown to sub-confluence in duplicate wells in 
a 6-well plate, metal was added to one of each of the duplicates and the 

15 medium was collected 24 hours later and analysed by Western blot for Tf 
content. The bulk line CHO/R(5)4+Tf#l did not produce any Tf, however, 
clone 19 which was isolated from that line and the bulk line 
CHO/R(5)4+Tf#2 produced Tf. 50% repression was observed when the cells 
were treated with metal (Fig. 6). 

20 The Tf expression pattern in the bulk line #2 and clone 19 was 

examined in more detail by seeding 2 x 10 5 cells in 60 mm plates (triplicate 
plates used per treatment), allowing cells to settle for 24 hr, adding fresh 
medium +/- metal and IPTG, and collecting the conditioned medium and 
harvesting cell extract (C/E) 72 hours later. The C/E was used to determine 

25 the protein levels in the plates. These levels were then used to normalise 
the volume of conditioned medium analysed in the Tf Western. 

The ratio of Tf expression in the induced : uninduced cells was used 
as a measure of repression. Similar repression levels to the above were 
detected but the levels were higher in the presence of IPTG for both induced 

30 and uninduced cells indicating that there was sufficient uninduced lac 
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repressor present to repress the Tf gene (Fig. 6). Such a "leakiness" would be 
expected with the bulk line, but it should be possible to obtain a clonal line 
with a better balance of expression than that observed with clone 19. More 
clones needed to be isolated and screened for Tf production. Cells from the 
5 Tf-expressing bulk line #2 were plated at low density in 10 cm plates and 12 
clones isolated by 'scraping' cells from isolated colonies as they appear 
(CHO/R(5)4+Tf-25 to 36). 

Cells from the isolated clones above were grown in 6-well plates for 
24 hours and the conditioned medium assayed for Tf content by Western 

10 blot (Fig. 6). Conditioned medium from all clones contained about 1 to 2 
|ig/ml of Tf (estimated from Tf stds, data not shown). Two clones were 
selected (CHO/R(5)4+Tf-35 and 36) and analysed further for Tf production 
in UNSWSF+IS medium +/- metal, +/- IPTG. Cells were seeded at 50% 
confluence levels with 6-well plates in medium + 10% FCS and allowed to 

15 settle for 24 hrs. The medium was changed to UNSWSF+IS medium +/- 
metal, -f /- IPTG. Two levels of metal were used, the normal level of l|iM 
CdCl 2 and SOyM of ZnCl 2 or half of that. IPTG was used at 20mM final 
concentration. Fresh medium was added after 12 hrs and conditioned 
medium collected 24 hrs later. The 12 hours of pre-treatment was done to 

20 remove any Tf secreted into the medium prior to metal induced repressor 
being produced and having its effect. lOpil of supplemented conditioned 
x medium, and 1, 2 and lOjil of supplemented medium was analysed by 
Western blot. The varying amounts of the unsupplemented conditioned 
medium was used to allow for more accurate estimation of the repression 

25 levels (data not shown). There was no significant difference in Tf levels 
from the uninduced cells +/- IPTG, indicating that there was no basal 
repression. Metal induction led to repression of the Tf gene with levels 
: reduced to about 10% relative to basal levels in both clones; halving the 
level of metal induction produced similar effects. IPTG relieved the 

30 repression thus confirming its specificity. 
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Clones 35 and 36 showed good repressor-regulated expression of the 
lacO-containing Tf gene, presumably due to optimal uninduced: induced 
repressor levels. 

5 Example 6: Metal regulation of IGF-1 expression: regulation of IGF-1 
expression from CMVlacOIGF-1 in a repressor positive CHO cell line 

To test for repressor-regulated expression of the CMVlacOIGFl gene 
in a stable system, the plasmid was stably expressed in the optimal repressor 
positive CHO/M(l)2lacINR cell line R(5)4 in which the CMVlacOTf4 gene 

10 was successfully regulated. 10|ig of pCMVlacOIGF-1 (Fig. 7) was transfected 
into CHO/R(5}4 cells and hygromycin-resistant cells selected and pooled into 
the bulk cell line CHO/CMVIGF-1. In an effort to enrich for IGF-1 producing 
cells within the bulk cell line, the cells were grown in UNSWSF+TS 
medium for 2 weeks and the surviving cells pooled. 

15 Cells from the bulk line were seeded at low density in 10 cm plates: 

for clone isolation. 12 clones were isolated, expanded and screened for IGF- 
1 mRNA expression. Cytoplasmic RNA was extracted and 10|ig analysed for 
IGF^l-specific mRNA by Northern as above. The scanned image is shown in 
Figure 8. The filter was stripped and re-probed for GAPDH mRNA. 

20 The scanning results for the IGF-1 expressing clones are shown in 

Fig. 8. The 6 clones produced varying levels of IGF-1 mRNA. Clone 7 was 
selected for further analysis of IGF-1 mRNA expression in the presence and 
absence of metal. Cells were grown to sub-confluence in a 35mm plate in 
medium + 10% FCS +/- metal and +/- IPTG. Two levels of ZnCl 2 + CdCl 2 

25 was used as described in the brief description of Figure 8. The medium was 
replaced with UNSWSF+TS medium +/- metal of IPTG as above and the 
cells cultured for a further 24 hours. Cytoplasmic RNA was extracted for 
Northern analysis and the conditioned medium collected for Western 
analysis. 
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lOjig of RNA was analysed by Northern hybridization as above for 
IGF-lmRNA expression. The hybridized membrane was exposed to a 
phosphorimager screen and the scanned image is shown in Figure 8C. The 
membrane was stripped and re-probed for GAPDH mRNA as above. The 
5 mRNA levels were quantified (ImageQuant software) and IGF-1 levels 
normalised against GAPDH. Repression levels of 80% and 90% were^ 
observed in the presence of half strength and full strength metal levels 
respectively. IPTG led to a de-repression indicating the specificity of the 
repression. 

10 Our results show that the expression of the CMVlacOIGF-1 gene 

stably transfected into 7ac-expressing CHO cells could be controlled by 
addition of metal to the medium. Since repression takes place at a 
transcriptional level and we did not observe any post- transcriptional control 
of our CMVIGF-1 gene in previous experiments, we can presume that the 

15 levels of IGF-1 produced by the cells above would correlate to the IGF-1 
mRNA we observed. 

Example 7: Cell lines expressing both transferrin and IGF-1. 

CHO-Kl was transfected with pSVLTf and pCMVIGF-1 by the usual 
20 procedures. Western blot analysis of the conditioned medium from bulk 
transfectants showed secretion of correctly processed transferrin and IGF-1 
as indicated by the presence of two immunoreactive bands migrating at 
around 90 kDa and 7.6 kDa. Cell clones were isolated from the bulk by 
limiting dilution. Western blot analysis for two of these clones (SCl and 
25 SC2) is shown in Figure 9. Expression levels were estimated to be of the 
order of 750 ng of IGF-1 and lOOOng of transferrin per 10 6 cells per 24 hr. 

To characterise the ability of SCl and SC2 to grow in the serum and 
protein-free defined medium (UNSWSF) the clones were inoculated into 
spinner flasks containing microcarriers. In the absence of any growth and 
30 attachment factors, both SCl and SC2 grew well with doubling times of 18 
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and 21 hours respectively (Fig. 10). Under the same conditions the 
untransfected parent cells grew extremely slowly with doubling times 
^ greater than 200 hours. The results show that sufficient IGF-1 and 

transferrin are being secreted to support autocrine growth under defined 
5 serum and protein-free conditions. The growth rates of the clones in 
UNSWSF were comparable to those exhibited by CHO-Kl in UNSWSF 
supplemented with ITS. Final cell densities of the SCl and SC2 in UNSWSF 
were 4-5 x iO 6 cells per ml which was similar to the parent CHO-Kl in 
UNSWSF + ITS medium. 
10 The ability of clones SCl and SC2 to grow so well in the absence of 

any growth or attachment factors was unexpected since, in Example 10, it 
was shown that for the parent cell line CHO-Kl to be grown under fully 
defined conditions, it was necessary to coat the inoculum flask with 
fibronectin. 

15 To confirm that the growth of the lines SCl and SC2 is a direct result 

of the cells expressing transferrin and IGF-1, the clone SCl was inoculated 
into 30mm culture flasks with lOpil of transferrin and IGF-1 specific antisera 
or an unrelated antibody (anti WM54). Figure 11 shows that growth of SCl 
was dramatically reduced in the presence of the anti IGF and transferrin 

20 antibodies. The results show that growth of the clone is a direct result of the 
expression of IGF-1 and transferrin. 

A novel method was developed for the clones SCl and SC2 which 
bypassed any need for propagation at any stage in the process in serum 
containing medium. Cells were directly inoculated into microcarrier culture 

25 from liquid nitrogen stocks. Growth rates and final cell densities were 

identical to those obtained when the cells were grown in a serum containing 
inoculum prior to being inoculated into microcarrier culture. The protocol 
was as follows: 

(i) Liquid nitrogen stock; 

30 (ii) Transfer to tube; 
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(iii) Centrifuge at 2000 rpm for 2 minutes; 

(iv) Resuspend in protein-free medium (PFM); 

(v) Viable cell count; and 

(vi) Innoculate spinner flask. 

5 These experiments were carried out with liquid nitrogen stocks 

containing serum. It is well known to those skilled in the art that it is 
possible to successfully freeze cells in a serum free medium (e.g. Yoshida 
and Takeuchi, 1991). Cells stocked in completely protein free medium were 
found to have a recovery rate of 50% compared with the recovery rate for 
10 cells stocked in serum of 80%. 

Thus it has been shown that it is possible to grow cells according to 
the invention under totally protein-free, defined conditions from liquid 
fF nitrogen to stirred cultures. 

t_vi 

' 15 Example 8: Regulated Autocrine Growth of CHO Cells 

In this example, the autocrine growth of CHO cells expressing IGF-1 
J was regulated by the addition of metal. The metal turned on expression of 

□ the lac repressor which then bound to the lac operating binding site and 

turned off IGF-1 expression. CHO-Kl cells were transfected with plasmids 
20 containing pM(l)2lacINR, lac repressor under the control of the tightly 

regulated M(l)2 metallothionein promoter, pCMVlacOIGF-1, IGF under the 
control of the CMV promoter containing the lac operator binding site and 
pNK-CAT containing a whole metallothionein gene (Kerin, M & Richard, 
R,1982). The pNK-CAT pla^mid was constructed from pNK (Figure 12). 
25 Growth of the resulting trans fee tants was compared in the presence 

of serum (± addition of 50 nM ZnCl 2 and l^M CdCl 2 ) and on UNSWSIf+TS 
medium. 

The results are shown in Figures 13 and 14. It can be seen that the 
-a cells cultured in the presence of FCS showed no inhibition of growth upon . 

^| 30 the addition of the metal (Fig. 14), as the cells would be growing in the 
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presence of insulin and the other mitogens present in serum as well as the 
IGF-1 produced by the cell line. The cells cultured in the TS medium (Fig. 
13) grew well until the addition of metal which slowed cell growth allowing 
the cells to enter a stationary phase. The cells maintained in a stationary 
5 phase did not succumb to the toxic effects of the metal as evidenced by 

trypan blue exclusion stains. The combination of the inducible 7ac repressor 
system, the lac operator upstream of the IGF-1 coding sequence, was thus 
shown to be able to allow the regulatable autocrine growth of the CHO-Kl 
cells in that in the absence of metal, lac repressor was produced which 

10 turned off IGF 1 synthesis allowing the cells to enter a stationary phase. 

In the cell lines developed in this study and capable of autocrine 
growth, IGF-1 was the mitogenic agent. Tlie transferrin expressed in an 
autocrine fashion was necessary for the long term viability of the cells when 
they were allowed to grow in the serum and protein-free defined medium 

15 UNSWSF. Hence, in order to obtain regulated autocrine growth of the cells 
it is necessary to regulate IGF-1 expression; however, as shown in Example 
5 it is also possible to regulate transferrin expression in the same fashion as 
IGF-1. This may be desirable in order to minimise growth factor(s) 
expression while the cells are expressing the desired recombinant protein, 

20 polypeptide or peptide. 
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Example 9: Expression of chloramphenicol transferase (CAT) from CHO-Kl 
with regulated expression of IGF-1. 

It was shown that cells which could express IGF-1 in a regulated 
25 fashion could also express a recombinant protein. In particular it was shown 
that the regulatable promoter which could be used to turn on expression of 
the repressor protein and hence decrease IGF-1 expression could also be 
used to turn on expression of the desired recombinant protein. In the cells 
used in Example 8, CAT expression in pNK-CAT was under the control of 
30 the inducible by metal M(2)6 promoter. In this example, when after a period 
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a cell growth, the same metal concentrations as used in Example 8 (50mM 
ZnCl 2 and ImM CdCl 2 ) were added to the culture it was observed that the 
M(2)6 promoter switched on CAT expression. 

5 Example 10: Culture conditions optimized for serum-free growth of CHO 
cells 

CHO Kl cells may be stored in liquid nitrogen in a mixture of 90% 
medium and 10% DMSO. Upon thawing the cells may be grown in base 
medium + 10 mg/L insulin + 10 mg/L transferrin + 2 x 10" 8 M selenium in a 

10 tissue culture flask coated with 400 ng/cm 2 fibronectin. At confluence the 
cells may be detached with cell dissociation solution (Sigma; USA) and used 
to re-inoculate new cultures under similar conditions in order to increase 
cell number. When a cell number is reached sufficient to alloW a fermentor 
inoculation density of 1 x 10 5 cells/mL, the cells may be detached in a 

15 similar manner and used to inoculate a fermentor containing base medium 
+ 10 mg/L insulin + 10 mg/L transferrin + 2 x 10* 8 M selenium +10 mg/L 
cholesterol + 2 g/L plurionic F68 (BASF, .Germany) + 3.0 g/L Dormacell 
2.0% microcarriers (Pfiefer and Langhan, Germany). The cells will then 
grow until the microcarriers are confluent in the fermentor. 

20 Base medium consists of a 1:1 mixture of DMEM and Coon's F12 

media. 

Results are provided at Figure 15, which shows cell growth in tissue 
culture flasks and compares it with cell growth achieved in foetal calf serum 
supplemented medium. The growth rates for the two cultures ± standard 
25 errors are: 

FCS medium: doubling time = 20.7 ± 3.1 hours 
ITS medium: doubling time = 21.0 ± 4.0 hours 
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Figure 16 shows cell growth on microcarriers in duplicate 100 mL 
stirred flasks. Growth rates for the two culture ± standard errors for the first 
three points are: 

Flask A: doubling time = 18.9 ± 3.2 hours 
( Flask B: doubling time = 18.3 ± 5.5 hours 
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